ABSTRACT Base on about 4,500 large tangential velocity (V tan > 0.75V esc ) with high-precision proper motions and 5σ parallaxes in Gaia DR2 5D information derived from parallax and proper motion, we identify more than 600 high velocity stars with 50% unbound probability. Of these, 28 nearby (less than 6 kpc) late-type Hypervelocity stars (HVSs) with over 99% possibility of unbound are discovered. In order to search for the unbound stars from the full Gaia DR2 6D phase space information derived from parallax, proper motion and radial velocity, we also identify 28 stars from the total velocity (V gc > 0.75V esc ) that have probabilities greater than 50% of being unbound from the Galaxy. Of these, only three have a nearly 99% probabilities of being unbound. On the whole HVSs subsample, there is 12 sources reported by other surveys. We study the spatial distribution of angular positions and angular separation of HVSs. We find the unbound HVSs are spatially anisotropic that is most significant in the Galactic longitude at more than 3σ level, and lower unbound probability HVSs are systematically more isotropic. The spatial distribution can reflect the origin of HVSs and we discuss the possible origin link with the anisotropy.
INTRODUCTION
Hypervelocity stars (HVSs) are unbound stars escaping the gravitational potential of the Galaxy. Hills (1988) predicted their existence as an interaction consequence of a binary star system and the massive black hole (MBH) in the Galactic Center (GC). In 2005, Brown et al. (2005) discovered a late B-type main-sequence star having heliocentric radial velocity of 853 ± 12 km s −1 , which is significantly in excess of the Galactic escape speed at that location. Following the discovery of the first HVS by Brown et al. (2005) , a large number of HVSs candidates have been reported (e.g., Hirsch et al. 2005; Edelmann et al. 2005; Brown et al. 2006 Brown et al. , 2009 Brown et al. , 2012 Brown et al. , 2014 Li et al. 2012 Li et al. , 2018 Zheng et al. 2014; Geier et al. 2015; Huang et al. 2017; Du et al. 2018b; Marchetti et al. 2018; Hattori et al. 2018; Boubert et al. 2018; Shen et al. 2018 ). HVSs can not only probe the extreme dynamics and physical processes at the GC, but also can be used as dynamical traces of integral properties of the Galaxy. Such stars can be used to probe the star formation in the GC or constrain the potential of the Milky Way (e.g. Gnedin et al. 2005) , some studies have used the kinematics of HVSs to obtain an estimate of the Galaxy mass (e.g. Smith et al. 2007; Piffl et al. 2014) . There have been a few studies aimed at combining their chemical and kinematic information to get a picture of where these stars are produced and how they achieve such high velocities or to determine the origin of HVS (e.g. Bromley et al. 2009; Purcell et al. 2010; Wang et al. 2009 Wang et al. , 2013 Hawkins et al. 2015; Geier et al. 2015; Tauris 2015; Ziegerer et al. 2017; Marchetti et al. 2018; Du et al. 2018a,b; Irrgang et al. 2018) .
Before Gaia DR2 release, most of the confirmed HVSs are massive early-type O-and B-type stars in the Galactic halo due to the selections bias of target surveys. But the HVS is not restricted to early-type stars, but is also observed among evolved low-mass stars such as hot subdwarf stars (Hirsch et al. 2005; Geier et al. 2015) and white dwarfs (Vennes et al. 2017; Raddi et al. 2018; Shen et al. 2018) . Even some studies have been devoted to search for late-type HVSs candidates. For example, Kollmeier et al. (2009 Kollmeier et al. ( , 2010 attempted to find metal-rich, old-populations F/G type HVSs from sloan Digital Sky Survey (SDSS) data. However, such late-type oldpopulation HVSs have not been detected only places a upper limit on the rate of ejection. Li et al. (2012) reported the discovery of 13 F-type HVSs, located at distances ranging from 3 kpc to 10 kpc. Palladino et al. (2014) found 20 low-mass G-and K-type HVS candidates from SDSS by incorporating proper motions, but none of the orbits were consistent with GC ejection. However, Ziegerer et al. (2015) reanalyzed the proper motions for 14 of these and found that they are all bound to the Galaxy and the initial HVS classification was due to the flawed proper motions. Zhong et al. (2014) reported the discovery of 28 HVSs candidates which covered a broad color range at heliocentric distance of less than 3 kpc from Large Sky Area Multi-object Fiber Spectroscopic Telescope (LAMOST) DR1. Vickers et al. (2015) used more stringent proper motions cuts to carry out a study of the runaway population of low-mass star in SDSS, they detected a number of high-velocity runaway stars, but their HVSs candidates were marginal detections. Zhang et al. (2016) identified 29 metalrich ([Fe/H]> −0.8) high velocity stars, but they did not find any candidates which have velocities in excess of the escape speed.
After Gaia DR2 release, it has already been used to search for new HVSs that can be unbound to the Galaxy. For example, Hattori et al. (2018) reported the discovery of 30 stars with extreme velocities (> 480 km s −1 ) in Gaia DR2, one of them is consistent with having been ejected from GC, and another has orbit that passed near the Large Magellanic Cloud. Marchetti et al. (2018) found 20 HVSs have probabilities greater than 80% of being unbound from the Galaxy in the subset of stars with radial velocity measurements of Gaia DR2. Du et al. (2018b) found 24 late-type high velocity stars with stellar astrometric parameters and radial velocities from Gaia DR2 and LAMOST data. Most of the high velocity stars are metal-poor and α-enhanced. Of these, 6 stars belong to hypervelocity stars. Bromley et al. (2018) investigated the nature of nearby (10-15 kpc) high-speed stars in Gaia DR2 and identified two have 100% probability of unbound in over 100 high-speed stars. However, most previous surveys are based on the subsample of about 7 million stars with radial velocity measurements alone in Gaia DR2. As shown by , based on Gaia DR2 parallaxes and proper motions alone one can efficiently select relatively nearby high-speed candidates. Using the Galactic rest-frame tangential velocity should return a higher proportion of nearby HVSs than radial velocity . The tangential velocity need to use accurate proper motions and parallaxes with sufficiently small uncertainties.
In this study, our goal is to consider the wealth of accurate proper motions and parallaxes available in Gaia DR2 (Gaia Collaboration et al. 2018a,b) to obtain more HVSs and study the distribution of HVS angular position on the sky and judge if there is significantly anisotropic. The paper is structured as follows. In Section 2, we briefly describe the data and HVSs sample candidate selection. In Section 3, we show the observed spatial distribution of HVSs on the sky is anisotropic. In Section 4, we discuss the possible origin of spatial anisotropy of unbound HVSs. The conclusions and summary are given in Section 5.
2. DATA AND TARGET SELECTION 2.1. Gaia data The Gaia satellite is a space-based mission launched in 2013 and started science operations the following year. The second Gaia data (Gaia DR2 ) includes high-precision measurements of nearly 1.7 billion stars (Gaia Collaboration et al. 2018a,b) . As well as positions, the data include photometry, radial velocities, and information on astrophysical parameters and variability, for sources brighter than magnitude 21. The parallaxes, and mean proper motions for about 1.3 billion of the brightest stars are contained. Radial velocity measurements v r for a subset of 7,224,631 stars are included in Gaia DR2 archive (Gaia Collaboration, et al. 2016 ) with an effective temperature from 3550 to 6990 K within a few thousand parsec of the Sun. The median uncertainty for the bright sources (G < 14 mag) is 0.04 mas, 0.1 mas at G = 17 mag, and 0.7 mas at G = 20 mag for the parallax, and 0.05, 0.2, and 1.2 mas yr −1 for the proper motions, respectively. More detailed description about the astrometric content of Gaia DR2 can be found in Lindegren et al. (2018) .
In this study, we first select stars with parallax uncertainties smaller than 20%. In order to assure the quality of the reported radial velocity, we keep those sources that have rv nb transits > 5 in Gaia DR2 archive, indicating that v r measurements were taken at a minimum of six distinct epochs. We do not adopt other cut on the astrometric solution. While a recent paper by Marchetti et al. (2018) adopted more conservative criteria for the quality of the Gaia astrometric solution. As mentioned by Hattori et al. (2018) , the conservative cut on the quality of astrometric solution might potentially discard a lot of interesting candidate stars with small formal errors on parallax and proper motion. In addition, due to different Galactic potential model and different estimation method about probability of being unbound, the HVSs sample could be different.
Distance derivation from Gaia parallaxes
According to the parallaxes and proper motions, distance and velocities could be inferred using those data. This is important task to derive distance and velocities, especially when parallaxes are involved because the effects of the observational errors on the parallaxes and the proper motions can lead to potentially strong biases (Luri et al. 2018) . Butkevich et al. (2017) confirmed that due to various instrumental effects of Gaia satellite, in particular, to a certain kind of basic-angle variations, these can bias the parallax zero point of an astrometric solution derived from observations. From the quasars and validation solutions, Lindegren et al. (2018) estimated that systematics in the parallaxes depending on position, magnitude, and color are generally below 0.1 mas, but global parallax zero-point of Gaia observations is: zp = −0.029 mas. Thus, it is necessary to subtract parallax zero-point ( zp ) when parallax is used to calculate astrophysical quantities.
Despite the simple relation between the parallax and distance, inversion of the parallax to obtain distance is only appropriate when there are no measurement errors. While the significance of the parallax detections in the 5σ sample is high, parallax errors are not negligible. The parallax error distribution of Gaia DR2 sources is well approximated by a Gaussian with a tail extending to negative values (Lindegren et al. 2018) . When deriving the distance by inverting the Gaia DR2 parallax, even small values allowed by the uncertainties may be unrealistic. By comparison of the heliocentric distance derived by inverting the Gaia DR2 parallax with derived by Bailer-Jones (2018) using a geometrical distance prior for our sample, we found that the distance derived by inverting the parallax is relative precise just for nearby (less than 2 kpc) sample stars. When the parallax error distribution is narrow compared to the measured parallax, the extending tail of the distribution are negligible especially for the nearby stars. So some studies selected only sources that have small relative parallax error (e.g. Hattori et al. 2018) to give a straightforward estimate of distance from the inverse of the parallax. A more general method, Bayesian approach, incorporates prior information about source location (Bailer-Jones 2015; Astraatmadja & Bailer-Jones 2016; Luri et al. 2018) .
In this study, in order to derive relative accurate distance estimation for distant sample stars, we use the full Bayesian approach to infer distances (Luri et al. 2018) . We use the exponentially decreasing space density prior in distance d with a most probable source location at 2L (Bailer-Jones 2018):
Here, the length scale L depending on the sky location relative to the Galaxy (Bailer-Jones 2018) and we assume uniform priors on v ra , v dec , v r . So we can express the posterior distribution:
T , k = 4.74 and C x is covariance ma-trix:
where ρ j i denotes the correlation coefficient between i and j, σ k denotes the standard deviation of k and the correlation coefficient ρ
.3. Coordinate Systems and Velocity Computation
We then transform the Galactic coordinates (l, b) and heliocentric distance for the stars into a Cartesian Galactocentric coordinate system (X, Y, Z), and derive the projected distance from the Galactic center using coordinate transformations (Bond et al. 2010 ):
Here, we adopt the distance from the Sun to Galactic center R = 8.2 kpc (Bland-Hawthorn & Gerhard 2016), and the Sun has an offset from the local disk z = 25 pc (Jurić et al. 2008) , d is distance from the star to the Sun, and (l, b ) are the Galactic longitude and latitude. We adopt a Local Standard of Rest velocity V LSR = 232.8 km s −1 in the direction of rotation (McMillan 2017) , and the solar peculiar motion (Tian et al. 2015; Bland-Hawthorn & Gerhard 2016) . We calculate each star's Galactic space-velocity components from its tangential velocities, distance, and radial velocity (Johnson & Soderblom 1987) .
We can use 6D phase space information to derive the total velocities V gc in the Galactic rest frame and 5D information to derive the total tangential velocity V tan . V tan is the Galactic rest frame tangential velocity corrected for the solar motion, is given by:
where v tan = (v α , v δ ), V is the Sun's velocity in the Galaxy's rest frame, andr is the unit vector in the direction of the Sun in that frame.
2.4. HVSs sample Candidate Selection The escape speed V esc at different Galactocentric distance can be derived by adopting a Galaxy potential model which is provided by McMillan (2017) . Their model includes four components: the cold gas discs near the Galactic plane, the thin and thick stellar discs, a bulge and a dark-matter halo. The Galactic potential Φ is sum of potential of each component. We define unbound stars as ones which can reach the point with gravitational potential Φ max and the local escape speed V esc is given by:
where Φ(r) is the gravitational potential at r and r gc is Galactocentric distance. We use the local escape speed 521km s −1 (Williams et al. 2017) to constrain the escape curve of McMillan (2017) .
We first identified about 6,000 candidate stars with V tan > 0.75V esc or V gc > 0.75V esc . For each star, we use Markov chain Monte Carlo (MCMC) sampler EMCEE (Goodman & Weare 2010; Foreman-Mackey et al. 2013) to estimate error of these stars. We run each chain using 20 walkers and 1000 steps (including 500 burn-in steps), for a total 10000 random samples drawn from the posterior distribution P(θ| x). We remove stars with σ V /V > 0.3 and get 4565 candidate stars with V tan > 0.75V esc , 441 stars with V gc > 0.75V esc . For each star, we compute the probability P ub of being unbound from the Galaxy as the fraction of Monte Carlo realization which result in an unbound orbit has V gc ≥ V esc at that given position. Figure 1 shows the probability of unbound P ub as a function of velocity in the Galactic rest-frame V gc for stars with V > 0.75V esc . The orange dots represent tangential velocity from 4565 candidates having proper motion in 5D information, and the blue dots represent the total velocity from 441 candidates having radial velocity and proper motion in 6D information. Next we identify HVSs that are potentially unbound to the Galaxy. There are 28 stars with the probability of unbound P ub > 0.99 (red star) from 5D information and 28 stars with P ub > 0.5 (red hexagon) from 6D information, which are shown in different signal of Figure 2 .
In this figure, we give the velocity in the Galactic rest-frame V gc as a function of Galactocentric distance r gc for stars with P ub > 0.5 (black dot) and with P ub > 0.99 (red star) from 5D information and with P ub > 0.5 (red hexagon) from 6D information, also present the escape speed curve from four Galactic potential models (Xue et al. 2008; Kenyon et al. 2014; McMillan 2017; Williams et al. 2017) , the difference of curves illustrates the some uncertainties between these models. In the appendix, Table 2 provides Gaia identifiers, position, parallaxes, proper motions, distances and the Galaxy's velocity of HVSs with the probability of unbound P ub > 0.99 from Gaia DR2 5D information and Table 3 provides the same parameters (the last column is the the probability of unbound) with P ub > 0.5 from Gaia DR2 6D information. In the first column, the superscript 'B', 'H', 'M', and 'S' indicates that a source is also listed in Bromley et al. (2018) , Hattori et al. (2018) , Marchetti et al. (2018) , and Scholz (2018), respectively. Bromley et al. (2018) investigate the probability of stars not being bound using Gaia DR2 data. We find that 5 6D-unbound sources are also listed in their research. These stars have very high P ub , and the little difference of P ub may be due to the potential model. Hattori et al. (2018) trace the orbits of stars with extremely large velocities back in time and discuss the origin of these unbound stars. A 'HRS' and a 'OUT' candidates are also listed in their research, but the origins are undetermined in their study. Marchetti et al. (2018) search for unbound stars with Gaia DR2, and discuss their origin. We find that a 'OUT' and 3 'HRS' candidates are also listed in their research, and the conclusion about the origin of stars is consistent with theirs. Scholz (2018) study stars with high Galactic rest frame tangential velocities, and we find that 5 5D-unbound sources are also listed in their research.
SPATIAL DISTRIBUTION OF HVS
The spatial distributions of HVSs on the sky can place useful constraints on their origin. For example, the massive black hole (MBH) in the Galactic center can eject HVSs in all directions. Using a few late B-type unbound HVSs, Brown et al. Fig. 1 .-The probability of unbound P ub as a function of velocity in the Galactic rest-frame V gc for stars with V > 0.75V esc . The green dots represent tangential velocities from proper motion of 5D information and the purple dots represent the total velocities from radial velocity and proper motion of 6D information. Only stars with V > 0.75V esc are considered in this study. Fig. 2. -Total velocity in the Galactic rest-frame v gc as a function of Galactocentric distance r gc for stars with P ub > 0.5 (black dots) and with P ub > 0.99 (green triangles) from 5D information and stars with P ub > 0.5 (purple circles) from 6D information. Four different colors dashed curves are median escape speeds from different Galaxy potential models (Xue et al. 2008; Kenyon et al. 2014; McMillan 2017; Williams et al. 2017) . Fig. 3. -The spatial distribution of stars in the Galactic coordinate with P ub > 0.5 (black dots) and with P ub > 0.99 (green triangles) from 5D information and with P ub > 0.5 (purple circles) from 6D information. (2009, 2012, 2014) demonstrated that unbound HVSs have a significantly anisotropic on the sky, while lower velocity bound HVSs have a more isotropic distribution. We begin to study the trend by adopting 56 nearby late-type HVSs. Figure  3 plots the angular position of these HVSs in the Galactic coordinate. HVSs with P ub > 0.99 (which we call 5D-unbound) are marked with green triangles and possible unbound HVSs with P ub > 0.5 (which we call 5D-possible-ub) are marked with black dots from 5D information and possible unbound HVSs with P ub > 0.5 (which we call 6D-unbound) from full 6D information are marked with purple circles. Figure 4 also shows the spatial distribution of stars in Cartesian Galactocentric coordinate system. We can notice that most of unbound HVSs in our sample are presently locate at nearby the Galactic plane, particularly a few unbound HVSs are significantly clustered together around the solar neighborhood. Green et al. (2019) present a three-dimensional map of dust reddening, based on Gaia parallaxes and stellar photometry from Pan-STARRS 1 and 2MASS. We use the 'bayestar2019' version of the 3D dust map and apply the median reddening for each stars. The optical extinction can be derive from the color excess:
Then we convert it to the Gaia passbands : Figure 5 shows the HR diagram for 5D-unbound (green triangles) and 6D-unbound (purple circles) HVSs and all stars with V gc > 0.75V esc (black dots). The x-axis represents the color index in the Gaia Blue Pass (BP) and Red Pass (RP) bands BP-RP, and the y-axis gives the absolute magnitude in the Gaia G band. We can see that some unbound HVSs are giants and also a few dwarfs, and these HVSs are late type stars. In order to test if the spatial distributions of unbound HVSs and lower unbound probability HVSs differ significantly, we use Kolmogorov-Smirnov (K-S) tests (See also Brown et al. 2009 Brown et al. , 2012 which has the advantage of making no assumption about the distribution of data. Figure 6 gives the cumulative distribution of the Galactic longitude l and b for 6D-unbound (purple line) and 5D-unbound (green line) HVSs. Firstly, K-S test derive isotropic distribution in longitudes and latitudes of 28 6D-unbound (purple line). Then for 28 5D-unbound, K-S tests give the likelihoods of 1.98 × 10 −6 for the unbound HVSs in same longitude distributions as the lower unbound probability. We derive the significance of 3.9σ by taking 10,000 random draws of 5D-possible-unb HVSs. The likelihoods is 0.017 and significance is 2.37σ for the Galactic latitude. Thus the distribution of unbound HVSs appears anisotropic in the Galactic longitude at more than 3σ level, which verifies the results provided in Brown et al. (2009 Brown et al. ( , 2012 . de la Fuente Marcos (2019) use the subsample with the lowest uncertainties to show the spatial distribution of hypervelocity star candidates is anisotropic, but they consider the origin of such an anisotropy is probably the result of observational biases and selection effects.
Similarly, we also consider the anisotropy in the distribution of angular separations of unbound HVSs compared to the lower unbound probability HVSs. Figure 7 plots the cumulative distribution of the angular separations, θ, of 6D-unbound (purple line) and 5D-unbound (green line) HVSs. Calculating the angular separations for all unique pairs of stars, a K- Fig. 4 .-The spatial distribution of stars in Cartesian Galactocentric coordinate system with P ub > 0.5 (black dots) and with P ub > 0.99 (green triangles) from 5D information and with P ub > 0.5 (purple circles) from 6D information. S test derives that lower unbound probability HVSs have a more isotropic distribution of angular separations. But for 5D-unbound HVSs, the K-S test gives a 1.34 × 10 −16 likelihood that are drawn from the same distribution of angular separations as the lower unbound probability HVSs and the significance is 3.3σ. So the angular separation distribution of unbound HVSs also shows anisotropic. Therefore, the new HVSs discoveries that also include a few candidates in the southern sky of Gaia DR2 prove the previous claim of unbound HVS spatial anisotropy and lower velocity stars spatial isotropy distribution (See Brown et al. 2009 .
POSSIBLE ORIGIN OF THE SPATIAL ANISOTROPY
We can derive the origin of stars from the position of these star crossing the disk (Marchetti et al. 2018) . The minimum value of the distance from the Galactic center to the crossing point is called R min . For each 6D-unbound HVS, we use the MCMC realizations discussed above and integrate each orbit back in a total time of 5 Gyr. Then we define the probability that a star is derived from the Galactic center P gc (R min < 1 kpc) and from the Galaxy P MW (R min < 25 kpc, Xu et al. (2015) ). The classified criteria of stars' origin are shown in Table 1 . We find 3 hypervelocity stars (HS) that could originate in the Galactic center, 12 stars with extragalactic origin (OUT) and 13 hyper-runaway star (HRS) candidates (see also Du et al. 2018b) . A number of models have been proposed to explain the spatial anisotropy of HVSs. Each model predicts different spatial distributions of HVSs. One model is the origin from the interaction between a single star and a hypothetic binary MBH (Yu & Tremaine 2003; Sesana et al. 2006 Sesana et al. , 2007 Merritt 2006) , the interaction between a globular cluster with a binary MBH in the GC (e.g., Capuzzo & Fragione 2015; Fragione & Capuzzo-Dolcetta 2016) . The binary black hole preferentially ejects HVSs from its orbital plane. Thus the expected signature of a binary black hole in-spiral event is a ring or shell of HVSs around the sky (Gualandris et al. 2005; Levin 2006; Sesana et al. 2006 Sesana et al. , 2007 , the resulting HVS distribution in this scenario may be isotropic. Lu et al. (2010) and Zhang et al. (2010 Zhang et al. ( , 2013 propose that the HVSs anisotropy reflects the anisotropic distribution of stars in the Galactic center. If HVSs are ejected by the central MBH, then the direction of ejection corresponds to the direction that their progenitors encounter the MBH. In addition, the Galactic center contains many structures such as the molecular gas circumnuclear disk and ionized northern arm and stellar disk. Dynamical interactions between stellar disk and gas disk may scatter stars toward MBH to formate the S-stars and the HVSs (Perets et al. 2009; Perets &Šubr 2012) . Thus the Galactic center may provide a source for the observed anisotropy of HVSs from the GC.
But as shown in Du et al. (2018b) , most of nearby late-type HVSs could not origin from the Galactic center and many nearby HVSs are runaway stars candidates which originate from the disk of the Galaxy. Some previous surveys near the Galactic disk identify unbound stars ejected from the disk Przybilla et al. 2008; Tillich et al. 2009; Irrgang et al. 2010; Li et al. 2018 ) as runaway stars mechanisms (Portegies 2000; Gvaramadze et al. 2009; Bromley et al. 2009; Wang et al. 2013; Wang 2018) . The ejected star was boosted by Galactic rotation to overcome the Galactic escape velocity. Bromley et al. (2009) compared the simulated runaways with observations and derived that simulated runaways with radial velocities exceeding 400 km s −1 are located at low latitude |b| < 45 and in the direction of Galactic rotation; observed > 400 km s −1 runaways at R = 50 kpc are distributed uniformly across high latitude over all Galactic longitudes (Brown et al. 2012) . Thus, the simulated distribution of runaway longitudes and latitude is inconsistent with the observed distribution of HVSs.
An LMC origin of some HVSs (e.g. HE 0437-5439) was pointed out because of their proximity to the LMC on the sky. Edelmann et al. (2005) suggested HE 0437-5439 was ejected from the Large Magellanic Cloud (LMC) because that it was too young to have traveled from the GC to its present position. Later, the LMC origin of many more HVSs was hypothesized by Boubert & Evans (2016) and Boubert et al. (2017) , which was motivated by the clustering of many HVSs in the constellation Leo (see reviews Brown et al. 2015) . Abadi et al. (2009) propose that the HVSs anisotropy also comes from the stellar ejecta of a tidally disrupted dwarf galaxy which is anisotropic in the sky (See also Teyssier et al. 2009; Piffl et al. 2011 ). But Brown et al. (2009 Brown et al. ( , 2012 consider tidal debris an unlikely explanation for the observed HVSs because no other unbound tidal debris is observed in the same region of sky and no dwarf galaxy in the Local Group has high velocity in the past. But Fritz et al. (2018) and Hammer et al. (2018) derive the new results that some dwarf galaxies have firstly high velocity using Gaia DR2 proper motions.
Finally, Brown et al. (2012 Brown et al. ( , 2014 propose that the HVS anisotropy could reflect the anisotropic Galactic gravitational potential. Because many HVSs are marginally unbound, a non-spherical potential can naturally explain why HVSs are found in preferred directions on the sky: Stars ejected along the major axis of the potential are decelerated less than those ejected along the minor axis. An initially isotropic distribution of marginally unbound HVSs can thus appear anisotropic in the halo. The predicted distribution of HVSs depends on the axis ratio and the rotation direction of the potential. Up to now, there are no good constraints on the shape and orientation of the Galactic potential, it is difficult to judge if HVSs anisotropy origin from Galactic gravitational potential.
CONCLUSIONS AND SUMMARY
Based on Gaia DR2 5D information of stars with parallax and proper motion but no radial velocity, we define our HVSs sample as those stars with V tan > 0.75V esc and identify 28 nearby ( less than 6 kpc) late-type HVSs with nearly 99% unbound possibility. At the same time, we also define the HVSs candidate with V gc > 0.75V esc from Gaia DR2 6D information from parallax, proper motion and radial velocity, 28 stars have probabilities greater than 50% of being unbound from the Galaxy, but only three has a nearly 99% probabilities of being unbound. It also indicates for these distance (∼ 10 kpc) that is closer to the sun and to the Galactic center, tangential motion is more significant for nearby HVSs. As predicted by Kenyon et al. (2018) , radial velocities select HVSs at large distances beyond ∼ 10 kpc, tangential velocities selects the nearby fast-moving stars. On our HVSs sample, there is 12 sources reported by other works and they are also marked in the Table. We use Kolmogorov-Smirnov (K-S) tests to determine the spatial distributions of unbound HVSs and lower unbound probability HVSs. Lower unbound probability HVSs are more isotropic and unbound HVSs are spatially anisotropic at more than 3σ level, particularly in the Galactic longitude and angular separation, which strengthen the results provided in Brown et al. (2009 Brown et al. ( , 2012 by using more HVSs distributed in the whole sky. In addition, most of the confirmed HVSs in previous studies are distant early-type stars due to the selections bias of target surveys, which is different from the nearby late-type HVSs in this study, so the new identified HVSs have different spatial distributions from previously identified sources. The observed spatial anisotropy of HVSs could be linked to their origin. We simply discuss the possible origin of HVSs. In the near future, we also look forward to the accurate radial velocity observation for our HVSs sample and it can provide the trajectory calculations to give a direct test of HVSs origin. We also expect the future surveys will provide a rich source of more HVSs discoveries.
